Background and Purpose-High plasma total homocysteine (tHcy) has been associated with cognitive impairment but lowering tHcy with B-vitamins has produced equivocal results. We aimed to determine whether B-vitamin supplementation would reduce tHcy and the incidence of new cognitive impairment among individuals with stroke or transient ischemic attack ≥6 months previously. Methods-A total of 8164 patients with stroke or transient ischemic attack were randomly allocated to double-blind treatment with one tablet daily of B-vitamins (folic acid, 2 mg; vitamin B6, 25 mg; vitamin B12, 500 μg) or placebo and followed up for 3.4 years (median) in the VITAmins TO Prevent Stroke (VITATOPS) trial. For this prespecified secondary analysis of VITATOPS, the primary outcome was a new diagnosis of cognitive impairment, defined as a Mini-Mental State Examination (MMSE) score <24 on ≥2 follow-up visits. Secondary outcomes were cognitive decline, and the mean tHcy and MMSE at final follow-up. Results-A total of 3089 participants (38%) voluntarily undertook the MMSE >6 months after the qualifying stroke; 2608 participants were cognitively unimpaired (MMSE ≥24), of whom 2214 participants (1110 B-vitamins versus 1104 placebo) had follow-up MMSEs during 2.8 years (median). At final follow-up, allocation to B-vitamins, compared with placebo, was associated with a reduction in mean tHcy (10.2 μmol/L versus 14.2 μmol/L; P<0.001) but no change from baseline in the mean MMSE score (−0.22 points versus −0.25 points; difference, 0.03; 95% confidence interval, −0.13 to 0.19; P=0.726) and no difference in the incidence of cognitive impairment (5.51% versus 5.47%; risk ratio, 1.01; 95% confidence interval, 0.69-1.48; P=0.976), cognitive decline (9.1% versus 10.3%; risk ratio, 0.89; 0.67-1.18; P=0.414), or cognitive impairment or decline (11.0% versus 11.3%; risk ratio, 0.98; 0.75-1.27; P=0.855). Conclusions-Daily supplementation with folic acid, vitamin B6, and vitamin B12 to a self-selected clinical trial cohort of cognitively unimpaired patients with previous stroke or transient ischemic attack lowered mean tHcy but had no effect on the incidence of cognitive impairment or cognitive decline, as measured by the MMSE, during a median of 2. 
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T he world faces a looming epidemic of cognitive impairment and dementia. 1 Treatments that prevent, halt, or reverse cognitive impairment are needed. Several epidemiological studies report that high total plasma homocysteine (tHcy) concentration is an independent, significant risk factor for cognitive impairment and dementia, 2-7 but some do not. 8, 9 A meta-analysis of 9 qualitatively good case-control studies found that the pooled mean tHcy was higher, by 1.04 μmol/L (95% confidence interval [CI] , 0.44-1.63), among 631 patients with Alzheimer disease compared with 703 controls. 10 However, these studies are prone to confounding and reverse causality. Randomized trials of the effect of lowering tHcy with B-vitamins (folic acid, B12 and, to a lesser extent, B6) on cognitive decline minimize confounding and reverse causality but have produced conflicting or equivocal results. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] The 2 trials that reported a benefit from lowering tHcy did so in subjects with elevated tHcy. 19, 27 In view of the uncertainty of the effect of lowering tHcy with B-vitamins on cognition, we aimed to assess, in a prespecified study, whether B-vitamin treatment would reduce the incidence of new cognitive impairment among cognitively unimpaired individuals with recent stroke or transient ischemic attack (TIA) of the brain enrolled in the VITAmins TO Prevent Stroke (VITATOPS) trial, 29, 30 and whether the effect of B-vitamins on cognitive function may be augmented in, or limited to, participants with elevated tHcy. Secondary aims were to determine whether B-vitamin treatment would reduce the incidence of cognitive decline among cognitively impaired individuals with recent stroke or TIA in VITATOPS, and to add our results to a meta-analysis of all randomized controlled trials of B-vitamins on cognitive function.
Methods
The methods and primary results of the VITATOPS trial have been published. 29, 30 The VITATOPS trial is registered with ClinicalTrials. gov, number NCT00097669, and Current Controlled Trials, number ISRCTN74743444.
Subjects and Design
Briefly, 8164 patients with recent stroke or TIA were randomly assigned to take B-vitamins (folic acid, 2 mg; vitamin B6, 25 mg; vitamin B12, 500 μg) or placebo for a median duration of 3·4 years (interquartile range, 2.0-5.5). 29, 30 The primary outcome was the composite of stroke, myocardial infarction, or death from vascular causes.
This prespecified secondary study of VITATOPS, aimed at examining the effect of once daily B-vitamin treatments on the overall incidence of cognitive impairment and cognitive decline, was planned before the study began. 29 Hence, we collected cognitive outcomes throughout the study period.
Assessment of Cognitive Function
At randomization, and at follow-up 3 months and 6 months after randomization, and each 6 months thereafter, surviving participants were invited to undergo an optional Mini-Mental State Examination (MMSE). The MMSE is a brief test of 5 aspects of cognitive function (orientation, immediate and delayed recall, attention and concentration, language and visuospatial abilities) with ≈20% weight given to memory.
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Definitions of Cognitive Impairment and Decline
Cognitive impairment was defined as a new MMSE score <24, documented on ≥2 occasions after randomization and ≥6 months after the qualifying stroke.
Cognitive decline was defined as a decline of ≥3 points in the MMSE, compared with the baseline assessment at 6 months or more after the qualifying stroke, on ≥2 occasions during follow-up.
Assessment of tHcy
Investigators were encouraged, but not obligated, to take a fasting blood sample from consenting patients to measure blood concentrations of tHcy (fasting), red cell folate, vitamin B12, and creatinine at baseline, and at each follow-up visit.
Outcome Measures
The primary outcome for this prespecified secondary analysis was a new diagnosis of cognitive impairment (MMSE score <24 on ≥2 follow-up visits ≥6 months after the qualifying stroke).
Secondary outcomes were tHcy, the mean MMSE, a decline (from baseline, ≥6 months after stroke) of ≥3 points in the MMSE score on ≥2 follow-up visits (cognitive decline), and the composite of cognitive impairment and decline.
Statistical Methods
Baseline characteristics and laboratory data were tabulated according to subsequent MMSE testing or not, and assigned treatment groups, and expressed as proportions for categorical variables, and means (SD) for continuous variables with a normal distribution.
The primary analysis compared the incidence of new cognitive impairment between the placebo and B-vitamin groups during follow-up, by intention-to-treat. The event rates were calculated as the number of events that occurred during the follow-up period divided by the total number of patients randomized. The ratios of the event rates (risk ratio [RR] : treatment/placebo) and their 95% CIs were calculated to describe the treatment effect. A Cox proportional hazard model analysis was used to control for any potential imbalance in baseline characteristics and follow-up between the 2 groups.
Subgroup analyses compared the effect of B-vitamins with placebo on cognitive impairment and decline according to patient age at randomization, sex, ethnic group, clinical stroke syndrome, pathological and pathogenetic stroke subtype, folate fortification, diabetes mellitus, antiplatelet use, smoking, alcohol use, red cell folate concentrations, serum folate, tHcy concentrations, and years of follow-up.
Secondary analyses examined the association between baseline tHcy (where available) and subsequent cognitive impairment or decline, the change in the MMSE score between baseline and end of follow-up in each treatment group, and the incidence of cognitive decline in each treatment group among patients who were cognitively impaired at baseline. Two-sided significance tests were used throughout and a 2-sided P value <0.05 was considered significant. individuals without and with cognitive impairment at the time of study entry, in which cognitive function was assessed by means of the MMSE. 31 For each study, the number of participants, mean change of MMSE score between baseline and study completion, and the SD of the change were recorded. Data were combined in a fixed-effects model and analyzed using RevMan release 5 (http://ims.cochrane. org/revman) to obtain a pooled summary estimate of effect across all trials.
Results
Cognitive Testing
Among the 8164 participants in VITATOPS, 3089 (38%) agreed to undertake the optional MMSE ≥6 months after the qualifying cerebrovascular event. Compared with those who did not have an MMSE, those who undertook the MMSE were older and more likely to be white, functionally independent, and have a TIA as the qualifying event ( Table I in the onlineonly Data Supplement); there was no difference in the rate of recurrent stroke during follow-up.
Cognitively Unimpaired
Among the 3089 participants who undertook the MMSE ≥6 months after the qualifying cerebrovascular event, 481 participants (244 assigned B-vitamins versus 237 placebo) were cognitively impaired (MMSE <24), and 2608 participants were not cognitively impaired (MMSE ≥24). Of the 2608 participants who were not cognitively impaired, 2214 participants had ≥1 further MMSE measured during follow-up during a median of 2.8 years (interquartile range, 1.5-4.6; total range, 0-9 years).
The 2214 cognitively unimpaired participants who underwent subsequent cognitive testing were more likely to be white, have a qualifying TIA and lacunar syndrome at baseline (Table 1) , and less likely to have experienced an early recurrent early stroke within 1 year of randomization (Table  II in the online-only Data Supplement) compared with the 394 cognitively unimpaired participants who did not proceed to further cognitive testing. Table III in the online-only Data Supplement shows that there was no significant difference in the prevalence of baseline characteristics among the 2214 cognitively unimpaired participants allocated B-vitamins (n=1110) compared with placebo (1104), with the exception of atrial fibrillation (9.1% B-vitamins versus 6.5% placebo;
P=0.022).
At final follow-up, allocation to B-vitamins, compared with placebo, was associated with a reduction in mean tHcy Table IV in the online-only Data Supplement). Table 2 shows that among the 2214 participants who were cognitively unimpaired at baseline and who subsequently undertook the MMSE (1110 B-vitamins, 1104 placebo), there was no significant difference in the incidence of cognitive impairment (5.51% B-vitamins versus 5.47% placebo; RR, 1.01; 95% CI, 0.69-1.48; P=0.976) among participants assigned B-vitamins compared with placebo. These results were consistent irrespective of the duration of follow-up, and if cognitive impairment was defined as MMSE <24 at the final follow-up visit. They were also consistent among participants with high tHcy (Figure V in the online-only Data Supplement), low red cell folate, cognitive impairment (MMSE <24) at baseline, and other clinical subgroups. However, if cognitive impairment was defined as an MMSE <24 at any time during final follow-up visit, there was a substantially greater number of cases of cognitive impairment (n=269 in both treatment groups versus 99 in both treatment groups if cognitive impairment was defined as MMSE <24 on 2 occasions) and a significant increase in cognitive impairment among participants assigned B-vitamins compared with placebo (RR, 1.29; 95% CI, 1.03-1.62). Tables 3 and 4 show there was no significant difference in the incidence of cognitive decline (9.1% versus 10.3%; RR, 0.89; 95% CI, 0.67-1.18; P=0.414) or the composite of cognitive impairment and decline (11.0% versus 11.3%; RR, 0.98; 95% CI, 0.75-1.27; P=0.855) among participants assigned B-vitamins compared with placebo, respectively. Table 5 shows the outcome of the 481 participants who were cognitively impaired (MMSE <24) at baseline, >6 months after the qualifying cerebrovascular event, according to treatment allocation. At final follow-up, allocation to B-vitamins, compared with placebo, was associated with a reduction in mean tHcy (9.6 395 ) and no significant difference in the incidence of cognitive decline (9.0% versus 15.5%; P=0.095).
Cognitively Impaired
The Figure shows a meta-analysis of our VITATOPS study results together with the 10 randomized controlled trials of B-vitamins versus placebo in people without cognitive impairment (unimpaired) and with cognitive impairment (impaired) at baseline, which measured cognitive function as an outcome by means of the MMSE. Overall, B-vitamin supplementation did not improve cognitive function (standard mean difference=0.04; 95% CI, −0.09 to 0.17) compared with placebo.
Discussion
The principal finding of our study is that daily supplementation with folic acid, vitamin B6, and vitamin B12 in cognitively unimpaired patients with previous (>6 months) stroke or TIA significantly reduced mean tHcy but had no significant effect on the incidence of cognitive impairment or rate of cognitive decline during a median of 2.8 years. These results were consistent irrespective of tHcy at baseline.
The strengths of our study are that systematic bias in treatment allocation was minimized by randomization, and observer bias in the measurement of the MMSE was minimized by blinding of the participants and assessors to the treatment allocation. The limitations of our study include the use of the MMSE to define cognitive impairment and decline because the MMSE is susceptible to ceiling effects in high-functioning populations and has a low sensitivity for cognitive impairment. [32] [33] [34] However, it is likely to be a reasonably specific measure of cognitive impairment when applied as in our study (ie, a raw MMSE score ≤24 on ≥2 occasions is likely to indicate cognitive impairment in literate and educated patients). 33 Also, we did not record the educational status of the patients at the time of the MMSE, nor can we be sure that the patients did not have high-level language dysfunction or delirium at the time of the baseline and follow-up MMSE examinations. We endeavored to exclude patients whose cognitive function may have been compromised by the acute effects of the stroke by excluding MMSE examinations within 6 months of the qualifying stroke.
There are several other limitations that may have compromised the reliability and statistical power of our study to demonstrate a modest effect of B-vitamins, particularly among those with tHcy >11. First, the population of patients was a select group within a clinical trial cohort who had experienced a stroke ≥6 months previously and who were asked and volunteered to perform an MMSE examination. As expected, both baseline characteristics and subsequent stroke events influenced who volunteered for MMSE testing; participants who volunteered were less disabled (Tables  I and II in the online-only Data Supplement). The presence of obvious cognitive impairment or poor educational status among a substantial proportion of enrolled stroke survivors may also have deterred investigators from testing the MMSE because the proportion of participants who did undergo MMSE and who scored <24 (18%; n=481) was lower than the expected prevalence of 30% for a general population of stroke survivors. 35 Consequently, we cannot confidently generalize our results of a lack of effect of B-vitamin treatment on cognitive function in 481 participants to all people with established cognitive impairment. The low proportion of participants volunteering for MMSE (38%) may also reflect the reality that patients were assessed at follow-up by busy clinicians who volunteered their time to this study, and whose main priority was to establish safety of the trial medication and survival free of the primary outcome (stroke, myocardial infarction, or vascular death), rather than optional secondary outcomes such as cognitive function. Second, the primary outcome required a new MMSE reading <24 on ≥2 occasions during follow-up. We chose not to rely on a single MMSE reading <24 because this could have reflected a solitary poorer performance attributable to random error (chance) or intercurrent illness (delirium). However, by adopting this stricter definition of cognitive impairment, we probably failed to include some cases of true cognitive impairment who were not followed up for long enough to record a second MMSE <24. Nevertheless, among all of our definitions of cognitive impairment, there was no benefit of vitamins, and there was only one outcome in which B-vitamins were associated with a significant increase in cognitive impairment (MMSE <24 on any occasion during follow-up); we suspect this result reflects random error (chance) because it is a solitary measure that is inconsistent with all the other results. Third, follow-up MMSEs are likely to have been performed by the more healthy survivors among the cohort and, hence, are prone to a healthy survivor bias; those with cognitive decline and impairment may have been more likely to not attend for follow-up or to persevere with a voluntary MMSE at follow-up. The results were not changed, however, if we redefined cognitive impairment as an MMSE <24 http://stroke.ahajournals.org/ Downloaded from on one occasion followed by death or recurrent stroke, or cognitive decline as a reduction in the MMSE by ≥3 points from baseline on one occasion followed by death or recurrent stroke. Despite the above limitations, our results in patients with previous stroke are consistent with other randomized trials of homocysteine-lowering treatment for cognitive decline among cognitively unimpaired and impaired older people without stroke (Figure) . [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Furthermore, our results more than double the current database, adding data from 2214 patients to a previous pool of 721 cognitively unimpaired patients and 481 patients to a previous pool of 854 cognitively impaired patients, and thereby substantially increase the precision of the estimate of the effect of B-vitamins on cognitive function as measured by the MMSE.
The implications of the results of our trial and other trials in the meta-analysis for clinicians are that daily supplementation with folic acid, vitamin B6, and vitamin B12 to a self-selected clinical trial cohort of cognitively unimpaired patients with previous (>6 months) stroke or TIA does not have a demonstrably clinically useful effect on the incidence of cognitive impairment or rate of cognitive decline, as measured by the MMSE, during the next few years. 
